It is suggested, that hadron decay properties may be influenced due to the interaction of charges and magnetic moments of hadrons and constituent quarks with external electromagnetic fields. In particular, strong decays D * → Dπ, K * (892) → Kπ, φ → K + K − and ∆(1232) → pπ may become significantly modified in static magnetic field B = 10 13 − 10 15 T. Due to the increasing energy of the lowest (n=0) Landau level of charged mesons, decay phase-space is reduced for specific channels, and isospin conservation rules become violated. In the case of ρ 0 → π + π − decay suppression, enhanced production of dileptons and photons can occur. Moreover, internal wave function of quarkonium vector mesons ϒ(ns) and Ψ(ns) gets modified in the magnetic field: quantum superposition of para (J = 0) and ortho (J = 1, s z = 0) states becomes the eigenstate of (cc) and (bb) vector mesons. In a sufficiently strong electric field a superposition of J/Ψ or ϒ(ns) states with χ c (1P) or χ b (nP) mesons can occur. We conjecture, that decay properties and production cross sections of Quarkonium vector mesons may thus become affected by strong electromagnetic fields created in heavy ion collision experiments at RHIC and LHC colliders.
Introduction
Influence of electromagnetic fields on hadron properties is usually assumed to be negligible. However, in the case when external field strength becomes sufficiently large (e.g. B≈10 14 T), magnetic dipole interaction of (J = 0) hadrons ∆E = − µ N B moves into MeV range (here nuclear magneton µ N = 3.15 · 10 −14 MeV/T) and decay properties of hadrons can be modified. It has been pointed out [1] , that due to increasing energy of the lowest (n = 0) Landau level [2] of charged mesons in magnetic field, ρ → ππ decays become suppressed and the lifetime of ρ(770) mesons can be prolonged [1] . Suppression of ρ 0 → π + π − channel may also enhance photon and dilepton production from ρ 0 (770) decays [3] , which can have interesting consequences in heavy ion collisions. In the following sections we discuss and study qualitatively the behavior of K * , D * and φ (1020) vector mesons in strong magnetic fields and we consider also ∆ 0 and ∆ ++ decays.
Additionally, we suggest that internal wavefunction of Quarkonium (cc) and (bb) vector mesons becomes modified in the external electromagnetic field, which can influence decay branching ratios and production cross sections of ϒ(ns) and J/Ψ(ns) states.
Strong Decays of Vector Mesons in Magnetic Field
Within MIT bag model [4] , strong decay of hadron can be understood as splitting of hadronic "Bag" volume [5] due to its own quantum quadrupole vibrations. Formation of two new hadrons is accompanied by q −q quark pair creation [6] in J PC = 0 ++ quantum state. Possible influence of magnetic field [7] on such complicated QCD (string breaking) process will be neglected here and we rather concentrate on the phase-space and kinematics effects. . Angular momentum (J=1) of decaying vector meson is taken away by L = 1 orbital momentum of two spinless pseudoscalar mesons, created in P-wave quantum state. In such case, partial decay width of strong decay process R → h + h can be written as [9] 
where A R hh is the amplitude determined by SU(3)-invariant rules of QCD, M is the mass of decaying hadron (resonance), p is decay momentum of products (h and h ), andm ≈ 1GeV/c 2 is effective mass parameter [9] . Barrier factor (p/m) 2L introduces enhanced sensitivity of decay width Γ(p) to decay momentum (phase-space) for P and D -wave case (L = 1, 2). One has Γ(p) ≈ |A R hh | 2 p 3 for P-wave decay (L = 1) of vector mesons 1 [10] .
The same (P-wave) behavior applies also [11] to strong decays of (J=3/2) resonances Σ * , ∆(1232), and Ξ * . One can estimate Γ[B] decay width as
field (where "≤" accounts for other external field effects [7] ). Partial decay widths and the lifetime of mesons in magnetic field can thus be expressed as
where Γ o is field-independent part of total decay width, and Γ s z are partial decay widths (see Fig. 2 ) for s z substates of (J > 0) meson decaying into two pseudoscalar mesons with decay momenta
of K ± * , K 0 * calculated using Equation 2.3 are shown in Figure 2 (right panel). The lifetime of K ± * remains almost unchanged, while K 0 * lifetime increases by factor 3 in magnetic field B > 1.5 · 10 15 T. One may also expect tensor polarization of K ± * mesons [3] to be generated in relativistic heavy ion collisions, if extremal magnetic fields [12] remain in the volume of expanding QCD matter for a long enough time. 1 Decay widths Γ ± , Γ 00 for φ (1020) → K + K − and K 0K0 channels [13] are different due to p 3 ± /p 3 00 ratio ≈ 1.5.
In Figure 3 , we show energy of (J=1) Isospin conservation for strong decays of D * and K * mesons requires ratio of decay widths Γ ± /Γ 0 = 2 (here Γ 0 is decay width of channel containing π 0 ). Full isospin violation occurs for
and magnetic field gradually violates isospin rule in D ± * decays. For K * → K + π decays, modified Γ ± /Γ 0 ratio (see Figure 4) would introduce systematic bias to extracted K * (892) yields [14] in relativistic heavy ion collision experiments [3] . This is not expected to occur for D ± * mesons (lifetime τ D * > 2000 fm/c is by factor 500x longer than τ K * ).
Behavior of φ (1020) meson (τ φ ≈ 45fm/c in vacuum) is shown in Figure 4 . Suppression of φ → K + K − decay channel in the magnetic field means longer lifetime of φ (1020) mesons, which may partially compensate the expected broadening [15] of φ → K + K − decay width in dense QCD matter in heavy ion collisions. Our estimate for ratio Γ( Fig.4 (left) .
Decay of Baryon Resonances in Magnetic Field
The phenomenon of partial decay width modification anticipated for vector mesons in magnetic fields may occur also in the case of baryon resonances. For example, the phase-space of decay ∆ ++ → p + π + can be altered, and channel ∆ 0 → p + π − may become suppressed in sufficiently strong magnetic fields, as we suggest in Figure 5 . Magnetic interaction of baryon magnetic moment ( µ · B) splits energy of baryons (proton, n) into s z quantum substates as shown in Figure 5 (1232) forces strong decay products to be created in P−wave state). In Figure 5 (right panel) we show our estimate for ∆ ++ and ∆ 0 lifetimes τ ∆ = 1/Γ tot evaluated using Eq. 2.3.
Calculated ratio of charged/neutral strong decay widths Γ π − +P ↑↓ /Γ π 0 +n ↑↓ = R ∆ for ∆ 0 (1232) is shown as dashed line in Fig. 5 (right panel) . Isospin conservation value R ∆ 0 = 0.5 decreases to R ∆ 0 = 0.16 at B = 6·10 14 T. Magnetic fields created in relativistic collisions of nuclei may therefore suppress ∆ 0 → p + π − decays relative to ∆ 0 → n + π 0 channel, and extracted ∆ 0 yields may thus be underestimated (if isospin violation effect described here is present and not accounted for).
Meson Internal Structure Modification in Electric and Magnetic Fields
Magnetic field can modify internal quantum state (wave function) of Quarkonium mesons in such way, that bound eigenstates of (qq) pairs become superpositions of wavefunctions with different C parity [3] . Similarly to ortho and para-Positronium in magnetic field, one has [3, 16] 
1,0 (ns) = cos α Ψ 1,0 (ns) + sin α η c (ns) ,η where mixing parameters cos 2 α + sin 2 α = 1 depend on magnetic field [3] , and superpositioñ Ψ (ns) → gg become allowed in electric or magnetic field due to C parity-even admixture of η c and χ c states in its wave function. This may decrease lifetimes of Ψ(ns) and ϒ(ns) mesons and suppress their (l + l − ) decays in sufficiently strong fields. We suggest that production of (J=1) ortho-Quarkonium mesons in external electromagnetic field can be enhanced, because (ggγ) or (ggg) initial state restriction (due to C parity [17] ) does not apply to wavefunctionsΨ (ns), which are not eigenstates of C parity. Observation of unexpectedly large (R AA ≈ 7) enhancement [18] of low-p t J/Ψ production in peripheral Pb+Pb collisions at LHC can be directly related to quantum superposition phenomenon we suggest to occur in Quarkonium meson sector, in the presence of external field.
